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APPROACH TO REDUCE CYCLICS 
FORMATION IN 3-CIPA BASED 
POLYETHERIMIDE POLYMERS 

BACKGROUND OF THE INVENTION 

The present disclosure is directed to methods for reducing 
the levels of cyclic oligomers produced during the formation 
of polyetherimide resins. More particularly, sterically hin 
dered substituted aromatic diamines are utiliZed Which result 
in loWer formation of undesirable cyclic oligomer 
by-products. Polyetherimides produced in accordance With 
the methods disclosed herein are also provided. 

Aromatic polyethers, particularly polyetherimides, are 
important engineering resins because of their eXcellent prop 
erties. One route for the synthesis of these polymers is by the 
reaction of salts of dihydroXyaromatic compounds, such as 
bisphenol A disodium salt (BPA.Na2), With dihaloaromatic 
molecules. For example, polyetherimides are conveniently 
prepared by the reaction of salts of dihydroXyaromatic 
compounds With bis(halophthalimides) as illustrated by 1,3 
bis[N-(4-chlorophthalimido)]benZene (hereinafter some 
times “ClPAMI”), Which has the structure: 

(1) 

Cl Cl 

ClPAMI 

The bis(halophthalimides), in turn, are frequently pro 
duced by reacting at least one diamino compound, prefer 
ably an aromatic diamine such as m-phenylenediamine 
(mPD) or p-phenylenediamine (pPD), and at least one 
halophthalic anhydride such as 3-chlorophthalic anhydride 
(3-ClPA), 4-chlorophthalic anhydride (4-ClPA), dichlo 
rophthalic anhydride, or miXtures thereof. 

According to U.S. Pat. Nos. 5,229,482 and 5,830,974, the 
preparation of aromatic polyethers may be conducted in 
solution in relatively non-polar solvents, using a phase 
transfer catalyst Which is substantially stable under the 
temperature conditions employed. Solvents disclosed in 
U.S. Pat. No. 5,229,482 include o-dichlorobenZene, 
dichlorotoluene, 1,2,4-trichlorobenZene and diphenyl sul 
fone. In U.S. Pat. No. 5,830,974, monoalkoXybenZenes such 
as anisole, diphenylether, or phenetole are employed. Sol 
vents of the same types may be used for the preparation of 
the bis(halophthalimide) intermediates. 

The polyetherimides produced by these displacement 
polymeriZations have a relatively high polydispersivity, 
ranging from about 2.6 to about 3.6, depending upon the 
amount of 3-ClPA and 4-ClPA used in preparing the ClPAMI 
monomer. The general scheme for the production of bis 
(halophthalimide) and the subsequent production of poly 
etherimide is set forth in FIG. 1. 

When bisphenol A, mPD and 4-ClPA are used to produce 
polyetherimides, it has been found that the level of cyclic 
oligomers in the ?nal product is about 3%. HoWever, it has 
been found that the amount of cyclics increases as the level 
of 3-ClPA is increased as a starting material in ClPAMI 
synthesis. Where 100% 3-ClPA and mPD are used as the 
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2 
starting material, the amount of cyclic oligomers can range 
from about 15% to about 20%. Interestingly, it has been 
found that about tWo thirds of the cyclic oligomers are a 
single 1:1 adduct. The reaction scheme demonstrating the 
use of 3-ClPAMI to produce a polyetherimide With the 
cyclic oligomer by-product is set forth in FIG. 2. 

High levels of these cyclic oligomers can have adverse 
effects on the properties of the resulting polymer. Such 
negative effects include a loWer glass transition temperature 
(Tg), reduced ductility, and problems With processing 
including surface appearance, as demonstrated by reduced 
glossiness. 

In addition, the cyclic by-products, being off 
speci?cation, must be discarded after separation, increasing 
the cost and siZe of the Waste stream and reducing the 
efficiency of the process. 

HoWever, it has also been found that the use of 3-ClPA in 
combination With other bisphenols and diamines can pro 
duce polyetherimides possessing higher Tg (about 15° to 
about 20° C. higher), and improved ?oW at high shear. It is 
therefore desirable to use 3-ClPA as a starting material, at 
least in part, in the production of polyetherimides, but means 
for reducing the levels of cyclic oligomers are desirable. 

BRIEF DESCRIPTION OF THE INVENTION 

The present disclosure provides a method for producing 
bis(phthalimides) Which, in turn, may be utiliZed to produce 
polyetherimide resins With decreased amounts of undesir 
able cyclic oligomer by-products. 

In one of its aspects, the present disclosure includes 
methods for producing a bis(halophthalimide) Which com 
prises combining at a temperature of at least 1100 C.: 

at least one halophthalic anhydride; 
a 1,3-diamine having at least one substituent ortho to one 

of its amine functionalities; and 
an organic liquid having a polarity no higher than that of 

o-dichlorobenZene, dichlorotoluene, 1,2,4-trichlorobenZene, 
diphenyl sulfone, anisole and veratrole. 

In one embodiment, an imidiZation catalyst is added to 
enhance production of the bis(halophthalimide). 

In another embodiment, the bis(halophthalimide) is a 
bis[N-(3-chlorophtalimide)] derivative of a diamine made 
by contacting at a temperature of at least 110° C. a 
3-chlorophthalic anhydride With a 1,3-diamine having at 
least one substituent ortho to one of its amine functionalities 
in the presence of an organic liquid having a polarity no 
higher than that of o-dichlorobenZene, dichlorotoluene, 1,2, 
4-trichlorobenZene, diphenyl sulfone, anisole and veratrole. 
In some embodiments the bis[N-(3-chlorophthalimide)] 
derivative can be 2,4-bis[N-(3-chlorophthalimido)]toluene, 
2,6-bis[N-(3-chlorophthalimido)]toluene, 2,4-bis[N-(3 
chlorophthalimido)]-3,5-diethyltoluene, or 2,6-bis[N-(3 
chlorophthalimido)]-3,5-diethyl toluene. 

Another aspect of the present disclosure is directed to 
methods for preparing polyetherimides by combining the 
above bis(halophthalimides) With at least one alkali metal 
salt of a dihydroXy-substituted aromatic compound in the 
presence of a phase transfer catalyst. Preferably, the poly 
etherimides so produced have loW levels of undesirable 
cyclic oligomer by-products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overvieW of the ClPAMI and polyetherimide 
synthesis process. 
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FIG. 2 is a depiction of ClPAMI synthesis demonstrating 
undesirable cyclic formation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance With the methods of the present disclosure, 
it has been surprisingly found that levels of cyclic oligomers 
produced during the polymeriZation reaction of bisphenol A 
disodium salt and a ClPAMI monomer may be reduced by 
utilizing diamines other than mPD in the formation of 
ClPAMI. 

Anhydrides suitable for use in the present invention have 
formula (II) 

(11) 

wherein X is a moiety Which may be any organic group that 
does not interfere With the reaction. In one embodiment X is 
a displaceable group Which participates in a subsequent 
polymeriZation reaction. Preferably, X is nitro, nitroso, 
tosyloxy (—OTs) or halogen; most preferably X is chlorine. 
Especially preferred anhydrides include 3-chlorophthalic 
anhydride, 4-chlorophthalic anhydride, and dichlorophthalic 
anhydride. In a most preferred embodiment, the ClPAMI 
monomer is made from either substantially pure 3-ClPA or 
a mixture of 3-ClPA combined With other phthalic anhydride 
monomers selected from the group consisting of 
4-chlorophthalic anhydride, dichlorophthalic anhydride, and 
substituted analogs thereof Where the other positions on the 
aromatic ring of the anhydride are either hydrogen atoms or 
substituted With nonreactive groups such as alkyl or aryl 
groups, and mixtures thereof. 

In addition, in one embodiment of the present disclosure, 
phthalic anhydride (i.e., a compound having the structure of 
formula (II) Wherein X is hydrogen) may be separately 
added to the reaction mixture. In such a case, the addition of 
phthalic anhydride to the reaction mixture Will provide a 
mixture comprising both polymeriZable monomer and end 
capping monomer, i.e., a halophthalimide having only one 
reactive site Which is thus capable of end-capping a groWing 
polymer chain in a polymeriZation reaction. In such a case, 
the use of phthalic anhydride to form end-capping mono 
mers may be used to control the molecular Weight of the 
polyetherimide produced in the subsequent polymeriZation 
reaction. In addition, as knoWn to those skilled in the art, 
other anhydrides may be utiliZed to form end-capping mono 
mers. 

In accordance With the present disclosure, it has been 
surprisingly found that the use of 1,3-diamines that have at 
least one substituent ortho to one of the amine functionalities 
can be used to make ClPAMI monomers capable of reacting 
With BPA disodium salt to provide polymers With reduced 
levels of undesirable cyclic oligomer by-products. These 
diamines are commercially available and are relatively inex 
pensive. Preferred diamines have the folloWing structure 
(III): 
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(III) 

Where n is 1 to 4 and G can be any group that is stable at high 
temperatures and is compatible With phenoxide displace 
ment polymeriZation. Examples of G include, but are not 
limited to, —R, —OR, —SR, —Ar, —OAr, —SAr, —CN 
etc. 

Suitable R groups include, but are not limited to, C1 to C30 
aliphatic hydrocarbons, C1 to C30 unsaturated cycloaliphatic 
hydrocarbons, aralkyl hydrocarbons, and their substituted 
derivatives, e.g., substituted With methyl, ethyl, cyclopentyl, 
benZyl, etc. 

Suitable aromatic moieties include, but are not limited to, 
monocyclic, polycyclic and fused aromatic compounds hav 
ing from 6 to 30, and preferably from 6 to 18 ring carbon 
atoms, and their substituted derivatives. Polycyclic aromatic 
moieties may be directly linked (such as, for example, 
biphenyl) or may be separated by 1 or 2 atoms comprising 
linking moieties. Illustrative non-limiting examples of aro 
matic moieties include phenyl, biphenyl, naphthyl, and their 
substituted derivatives. In addition, in some embodiments, 
G” can include structures Which are part of another fused 
ring including, but not limited to, 
The ortho steric effects may also be extended to other 

bisaromatic diamines to examine if there is a similar effect 
on increasing the polymers’ thermal properties (e.g., Tg). In 
addition, other positions on the ring may be substituted With 
the same substituents described above for G. 

Preferred substituents include one or more aromatic 

groups, preferably phenyl groups, alkoxy or aryloxy groups, 
their sulfur analogues, halogen-substituted phenyl groups, or 
mixtures thereof. 
The production of the bis(halophthalimide) preferably 

occurs in the presence of a non-polar organic liquid, usually 
having a substantially loWer polarity than that of the dipolar 
aprotic solvents such as dimethylformamide, dimethylaceta 
mide and N-methylpyrrolidinone. Said non-polar solvent 
preferably has a boiling point above about 100° C. and most 
preferably above about 150° C., in order to facilitate the 
reaction Which requires temperatures above that tempera 
ture. Suitable liquids of this type include o-dichlorobenZene, 
dichlorotoluene, 1,2,4-trichlorobenZene, diphenyl sulfone 
and alkoxybenZenes such as anisole and veratrole, and more 
generically liquids Whose polarity is no higher than those of 
the aforementioned liquids. Liquids of similar polarity but 
loWer boiling points, such as chlorobenZene, may be 
employed at super-atmospheric pressures. Anisole and 
o-dichlorobenZene are usually preferred. 
The bis(halophthalimide) preparation method of the 

invention typically employs temperatures of at least 1100 C., 
preferably in the range from 150° to about 275° C., prefer 
ably about 175—225° C. At temperatures beloW 110° C., 
reaction rates are for the most part too sloW for economical 
operation. It is Within the scope of the invention to employ 
super-atmospheric pressures, typically up to about 5 atm, to 
facilitate the use of high temperatures Without causing liquid 
to be lost by evaporation through boiling. 
A further feature, for the same reason, is a solids content 

in the reaction mixture of at least about 5%, preferably at 
least about 12% and most preferably about 15—25%, by 
Weight. By “solids content” is meant the proportion of 
bishalophthalimide product as a percentage of the total 
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Weight of the bishalophthalimide and solvent. It is further 
Within the scope of the invention to change the solids content 
during the reaction, for such reasons as to effectuate transfer 
of the reaction mixture from one vessel to another. 

Other constituent proportions in the reaction mixture 
preferably include, a molar ratio of anhydride to diamine in 
the range of from about 1.98:1 to about 2.04:1, With a ratio 
of about 2:1 being most preferred. While other ratios may be 
employed, a slight excess of anhydride or diamine may be 
desirable. Catalyst, if used, is present in an amount effective 
to accelerate the reaction, usually about 0.1—0.3% by Weight 
based on the Weight of diamine. Suitable imidiZation cata 
lysts include, but are not limited to, sodium phenyl 
phosphinate, acetic acid, benZoic acid, phthalic acid, or 
substituted derivatives thereof. In one embodiment, sodium 
phenyl phosphinate is utiliZed as the imidiZation catalyst. 

The reaction betWeen at least one amine reactant and at 
least one anhydride reactant by the methods of the present 
invention results in products generally comprising phthal 
imides of formula Bis(halophthalimides) similar to for 
mula (I) Which may be produced from substituted 1,3 
diamines include bis[N-(3-chlorophalimide)] derivatives of 
diamines such as 2,4-bis[N-(3-chlorophthalimido)]toluene, 
2,6-bis[N-(3-chlorophthalimido)]toluene, 2,4-bis[N-(3 
chlorophthalimido)]-3,5-diethyltoluene, 2,6-bis[N-(3 
chlorophthalimido)]-3,5-diethyltoluene and the correspond 
ing chloro, bromo and nitro compounds. Mixtures of such 
compounds may also be employed. Where the starting 
phthalic anhydride is pure 3-ClPA, a 3-3‘-ClPAMI as 
depicted in reaction scheme (II) is produced and then 
subsequently reacted With additional components to produce 
the desired polyetherimide. HoWever, as noted above, in 
other embodiments a mixture of 3-ClPA With other phthalic 
anhydrides, including 4-ClPA, dichlorophthalic anhydride, 
and phthalic anhydride, may be utiliZed to produce the 
desired halophthalimide Which, in turn, is then utiliZed to 
produce the desired polyetherimide. 

At least one dihydroxy-substituted aromatic hydrocarbon 
is then reacted With the ClPAMI to produce the desired 
polyetherimide. Suitable dihydroxy-substituted aromatic 
hydrocarbons include those having the formula 

HO-AZ-OH, (IV) 

Wherein A2 is a divalent aromatic hydrocarbon radical. 
Suitable A2 radicals include m-phenylene, p-phenylene, 
4,4‘-biphenylene, 4,4‘-bi(3,5-dimethyl)phenylene, 2,2-bis(4 
phenylene)propane and similar radicals such as those Which 
correspond to the dihydroxy-substituted aromatic hydrocar 
bons disclosed by name or formula (generic or speci?c) in 
US. Pat. No. 4,217,438. 

The A2 radical preferably has the formula 

-A3-Y-A4-, (v) 

Wherein each of A3 and A4 is a monocyclic divalent aromatic 
hydrocarbon radical and Y is a bridging hydrocarbon radical 
in Which one or tWo atoms separate A3 from A4. The free 
valence bonds in formula V are usually in the meta or para 
positions of A3 and A4 in relation to Y. Compounds in Which 
A2 has formula V are bisphenols, and for the sake of brevity 
the term “bisphenol” is sometimes used herein to designate 
the dihydroxy-substituted aromatic hydrocarbons; it should 
be understood, hoWever, that non-bisphenol compounds of 
this type may also be employed as appropriate. 

In formula V, the A3 and A4 values may be unsubstituted 
phenylene or halo or hydrocarbon-substituted derivatives 
thereof, illustrative substituents (one or more) being alkyl, 
alkenyl, bromo, chloro. Unsubstituted phenylene radicals 
are preferred. Both A3 and A4 are preferably p-phenylene, 
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6 
although both may be 0- or m-phenylene or one 0- or 
m-phenylene and the other p-phenylene. 
The bridging radical, Y, is one in Which one or tWo atoms, 

preferably one, separate A3 from A4. Illustrative radicals of 
this type are methylene, cyclohexylmethylene, 2-[2.2.1] 
bicycloheptylmethylene, ethylene, isopropylidene, 
neopentylidene, cyclohexylidene, cyclopentadecylidene, 
cyclododecylidene and adamantylidene; gem-alkylene 
(alkylidene) radicals are preferred. Also included, hoWever, 
are unsaturated radicals. 
Some preferred examples of dihydric phenols Which may 

be utiliZed include 6-hydroxy-1-(4‘-hydroxyphenyl)-1,3,3 
trimethylindane, 4,4‘-(3,3,5-trimethylcyclo-hexylidene) 
diphenol; 1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane; 
2,2-bis(4-hydroxyphenyl)propane (commonly knoWn as 
bisphenol-A); 2,2-bis(4-hydroxy-3,5-dimethylphenyl) 
propane; 2,2-bis(4-hydroxy-3-methylphenyl)propane; 2,2 
bis(4hydroxy-3-ethylphenyl)propane; 2,2-bis(4-hydroxy-3 
isopropylphenyl)propane; 2,4‘-dihyroxydiphenylmethane; 
bis(2-hydroxyphenyl)methane; bis(4-hydroxy-phenyl) 
methane; bis(4-hydroxy-5-nitrophenyl)methane; bis(4 
hydroxy-2,6-dimethyl-3-methoxyphenyl)methane; 1,1-bis 
(4-hydroxyphenyl)ethane; 1,1-bis(4-hydroxy-2 
chlorophenyl)ethane; 2,2-bis(3-phenyl-4-hydroxyphenyl) 
propane; bis(4-hydroxyphenyl)cyclohexylmethane; 2,2-bis 
(4-hydroxyphenyl)-1-phenylpropane; resorcinol; CL3 alkyl 
substituted resorcinols. For reasons of availability and 
particular suitability for the purposes of this invention, in 
one embodiment the preferred dihydric phenol is bisphenol 
A in Which the radical of formula V is the 2,2-bis(4 
phenylene)propane radical and in Which Y is isopropylidene 
and A3 and A4 are each p-phenylene. 

Preferably, the reaction of salts of dihydroxyaromatic 
compounds are utiliZed in the methods of the present dis 
closure. More preferably, alkali metal salts of dihydroxy 
substituted aromatic hydrocarbons are employed. These 
alkali metal salts are typically sodium or potassium salts, 
With sodium salts frequently preferred by reason of their 
availability and relatively loW cost. Most preferably, bisphe 
nol A disodium salt (BPA.NA2) is utiliZed. 

In a preferred embodiment, bisphenol A disodium salt is 
added to the organic solvent and the mixture aZeotroped to 
a dry condition. Then, a second co-monomer, for example a 
bis[N-(3-chlorophthalimide)] of a 1,3-diamine, may be 
added and the mixture aZeotroped to a dry condition. Then 
a catalyst may be added as a pre-dried solution in organic 
solvent. The process is expedited When predried solvent and 
co-monomers are used. Preferably, the molar ratio of bisphe 
nol Adisodium salt to the bis[N-(3-chlorophthalimide)] of a 
1,3-diamine, e.g., 1,3 bis[N-(3-chlorophtalimido)]toluene, 
ranges from about 1.0:0.9 to 0.9:1.0. 
One class of preferred solvents utiliZed in producing the 

polyetherimide includes those of loW polarity. Suitable sol 
vents of this type include halogenated aromatic compounds 
such as o-dichlorobenZene, dichlorotoluene and 1,2,4 
trichlorobenZene; and diphenyl sulfone. Solvents of similar 
polarity but loWer boiling points, such as chlorobenZene, 
may be employed at superatmospheric pressures. Another 
class of preferred solvents includes aromatic ethers such as 
diphenyl ether, phenetole (ethoxybenZene), and anisole 
(methoxybenZene). O-dichlorobenZene and 
alkoxybenZenes, most preferably anisole, are particularly 
preferred. In many instances, halogenated aromatic solvents 
are preferred over alkoxybenZenes since the former have 
less tendency than the latter to interact With and inactivate 
the phase transfer catalyst described beloW. Another class of 
solvents suitable for the present invention is polar aprotic 
solvents, illustrative examples of Which include dimethyl 
formamide (DMF), dimethylacetamide (DMAc), dimethyl 
sulfoxide (DMSO), and N-methylpyrrolidinone (NMP). 
The preferred phase transfer catalysts, by reason of their 

exceptional stability at high temperatures and their effec 
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tiveness to produce high molecular Weight aromatic poly 
ether polymers in high yield are the heXaalkylguanidinium 
and ot,u)-bis(pentaalkylguanidinium)alkane salts. For the 
sake of brevity, both types of salts are hereinafter sometimes 
designated “guanidinium salt”. 

8 
is sent to a distillation column Where Water is taken off 
overhead and solvent is recycled back into the reactor at a 
rate to maintain or increase the desired solids concentration. 
Other methods for Water removal include, but are not limited 
to, passing the condensed distillate through a drying bed for 

Suitable guanidinium salts are illustrated by those of the 5 Chemical or physical adsorption of Water_ 
formula Without Wishing to be bound by any theory, it is believed 

the sterically hindered substituted 1,3-aromatic diamines 
R (VI) restricts rotation of the imide ring around the C—N bond of 
I2 10 attachment to the diamine ring, thus preventing the bisimide 
N molecule from assuming the coplanarity and structure con 

R3/ R6 ducive to the formation of cyclic oligomers, especially the 
,1 R X_ 1:1 monocyclic adduct. By reducing the amount of cyclic 

R4_N’ 7 2“ oligomer, the unfavorable interaction betWeen the imide 
| carbonyl/s and the adjacent alkyl group/s is avoided. 
R5 n 15 While the present disclosure has focused on 1,3-diamines, 

other diamines may be substituted With compounds Which 
_ result in sterically hindered diamines Which, in turn, may be 

Wherem: 2 3 4 5 6 _ _ _ utiliZed in forming monomers that are polymeriZed to pro 

anga?gligfaRritgaf 02:11:35? riltieilrpgllrlilafg’nglghgg?cgi duce polyetherimides. The resulting polyetherimides have 
p y 2 y 3 4p 5 y X, 7 .’ 20 lower levels of cyclic by-products than polymers obtained 

a.t leastpm of the R .— R .’ R —R and R —R Combmef' by using nonsubstituted monomers. 
tions With the connecting nitrogen atom forms a heterocyclic . . . . . 
radical. Polyetherimide resins produced in accordance With the 
X2 {5 an anion. and methods of the present disclosure have improved thermo 
n is 1 or 2' ’ mechanical performance characteristics such as glass tran 
The alkyl radicals Suitable as R2-6 include primary alkyl 25 sition temperature (Tg) or heat de?ection temperature 

radicals, generally containing about 1—12 carbon atoms. R7 (HDT)' _ _ _ _ 
is usually an alkyl radical of the same structure as R2‘6 or a Th? Pfesent dlsclosure 1S lnustrated by the fOHOWmg 
C2_12 alkylene radical in Which the terminal carbons are non'hmmng examples 
primary; most preferably, it is C2_6 alkyl or C4_8 straight 
chain alkylene. Alternatively, any combination of R2‘7 and 30 EXAMPLE 1 
the corresponding nitrogen atom(s) may form a heterocyclic 
radical such as piperidino, pyrrolo or morpholino. _C1PAMI m9no¥ners were Prepared from 3_'C1_PA and §ub' 

The X2 Value may be any anion and is preferably an anion stituted 1,3-diamines. The substituted ~1,3-d1aII11I16S utiliZed 
of a strong acid; eXamples are chloride, bromide and meth- Were as Follows? ZA'tOhleHe dlafmne (2>4'TDA)_> 276' 
anesulfonate. Chloride and bromide ions are usually pre- 35 toluene dlamme (2>6'TDA)> md methyl tolufzne dlamme 
ferred. The value of n Will be 1 or 2 depending on Whether (Ethacufe 100)" m'phenylene dlamme 1S_ the parent 
R7 is alkyl or a1ky1ene_ unsubstituted 1,3-diamine. p-l‘3henylene diamine (pPD), 
As can be seen in formula VI, the positive charge in the dla‘mmodlphfzflyl Sulfones (3’; ‘DDS and 4>4 'DDS) and 

guanidinium salt is delocaliZed over one carbon and three 4>4 'oxydlamhne (ODA) Were mcluded for companson' 
nitrogen atoms. This is believed to contribute to the salts’ 40 The results of the Solid analysis and Solubility Obtained 
stability under the relatively high temperature conditions with substituted 1,3-diamines used in the synthesis of 
encountered in embodiments of the invention. ClPAMI monomers are Outlined in Table 1 below, 

Additionall , the reaction is t icall sensitive to Water . . 

and it is prefg/rable to dry the sZlIvent-Zomprising reaction h The %.sohds.m .the CIPANéI morlomderz prgpefrdqd frottln 
miXture by knoWn methods, for eXample by boiling or t 656 ‘famous. lammes Was etermme . y 1V1 mg t e 

- - - - - 45 theoretical Weight of the sample by the Weight of the sample 
aZeotroping Water from the mixture, typically prior to deliv- d 1 t 
ering the catalyst. In one embodiment, Water removal from an S0 Ven ' 
the system can be accomplished in either batch, semi- The solubility of the ClPAMI monomers Was determined 
continuous or continuous processes using means Well- visually as the product being completely soluble at the 
knoWn in the art such as a distillation column in conjunction speci?c % solids indicated at the boiling point of the solvent 
With one or more reactors. In one embodiment, a miXture of 50 (o-DCB at 180° C.). OtherWise solubility Was loW or the 
Water and non-polar organic liquid distilling from a reactor monomer Was sparingly soluble. 

TABLE 1 

Synthesis of ClPAMI monomers from 3-ClPA 

Comp. Comp. 
EX. 2 EX. 3 EX. 4 Comp. Comp. EX. 3 EX. 4 

EX. 1 2,4- 2,6- Ethacure EX. 1 EX. 2 3,3'— 4,4’ 
Diamine mPD TDA TDA 100 pPD ODA DDS DDS 

ClPAMI 

% Solids 20 30 39 40 20 35 33 30 
Solubility LoW Soluble Soluble Soluble Sparingly Soluble Soluble LoW 

Ethacure 100 is ~80% 3,5—Diethyl—2,4—toluenediamine and ~20% 3,5-Diethyl-2,6-toluenediamine com 
mercially available from Albemarle ® Corporation. 
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As is apparent from the above example, the ClPAMI 
monomers prepared With 2,4-toluene diamine, 2,6-toluene 
diamine, and diethyl toluene diamine had enhanced solubil 
ity compared With the mPD and pPD. 

EXAMPLE 2 

ClPAMI monomers produced in accordance With the 
methods set forth above in Example 1 Were then utilized to 
produce polyetherimides. The glass transition temperature 
(Tg) of each resin Were obtained Were obtained by Differ 
ential Scanning Calorimetry using a Perkin Elmer DSC7 
machine. The % cyclic monomer and % total cyclics Were 
determined by Gel Permeation Chromatography (GPC). 
GPC analysis Was performed by using chloroform as eluent 
(elution rate of 0.8 ml-min-1) on a HP 1100 Series apparatus 
equipped With a PL gel 5 um Mixed-C column and a UV 
detector utiliZing the manufacturer’s softWare. Elution rate 
on 0.7 mL/min on a Polymer Labs HT-120 GPC system 
equipped With a PL gel Mixed-C column and UV detector, 
utiliZing Perkin Elmer Turbochrom softWare. 

The results, set forth beloW in Table 2, demonstrate that 
ClPAMI monomers produced With substituted 1,3-diamines 
gave polyetherimides having loWer levels of cyclics With 
comparable or better glass transition temperatures. 

TABLE 2 

10 

15 

20 

10 
an organic liquid having a polarity no higher than that of 
o-dichlorobenZene, dichlorotoluene, 1,2,4 
trichlorobenZene, diphenyl sulfone, anisole and vera 
trole; and 

obtaining the bis(halophthalimide). 
2. The method of claim 1 Wherein the combining step 

further comprises combining at least one halophthalic anhy 
dride selected from the group consisting of substantially 
pure 3-chlorophthalic anhydride and 3-chlorophthalic anhy 
dride combined With another phthalic anhydride selected 
from the group consisting of 4-chlorophthalic anhydride, 
dichlorophthalic anhydride, phthalic anhydride, and mix 
tures thereof. 

3. The method of claim 1 Wherein the combining step 
further comprises combining a 1,3 diamine of the formula 

GB 

Where n is 1 to 4, G is selected from the group consisting of 
—R, —OR, —SR, —Ar, —OAr, —SAr, and —CN, and R 
is selected from the group consisting of C1 to C30 aliphatic 

Synthesis and cyclics reduction in 3—ClPA[1,3-diamines[BPA Polymers 

Comp. Comp. 
Ex. 2 Ex. 3 Ex. 4 Comp. Ex. 3 Ex. 4 

Ex. 1 2,4- 2,6- 80:20 Ex. 5 Ex. 2 3,3'- 4,4‘ 
Diamine mPD TDA TDA TDA" Ethacure ODA DDS DDS 

Polymer 
Property 

Tg (C) 231 245 255 247 265 235 226 263 
% Cyclic 10.4 1.5 3.1 1.02 1.3 0.07 1.23 0.04 
Monomer 
% Total 13.2 3.37 5.3 2.43 2.9 1.2 2.1 1.65 
Cyclics 

*80% 2,4-TDA and 20% 2,6-TDA 

The above results clearly indicate that simple, relatively 
cheap and commercially available substituted 1,3-diamines 
are surprisingly capable of providing a good balance of 
performance bene?ts ranging from ease of ClPAMI 
synthesis, reduction of formation of cyclics, and good ther 
mal performance (Tg), all of Which can occur at reduced 
cost. 

While the disclosure has been illustrated and described in 
typical embodiments, it is not intended to be limited to the 
details shoWn, since various modi?cations and substitutions 
can be made Without departing in any Way from the spirit of 
the present disclosure. As such, further modi?cations and 
equivalents of the disclosure herein disclosed may occur to 
persons skilled in the art using no more than routine 
experimentation, and all such modi?cations and equivalents 
are believed to be Within the spirit and scope of the disclo 
sure as de?ned by the folloWing claims. 
What is claimed is: 
1. A method for preparing a bis(halophthalimide) Which 

comprises combining at a temperature of at least 110° C.: 

at least one halophthalic anhydride; 

a 1,3-diamine having at least one substituent ortho to one 
of its amine functionalities; 

45 

50 

60 

65 

hydrocarbons, C1 to C30 unsaturated cycloaliphatic 
hydrocarbons, and aralkyl hydrocarbons. 

4. The method of claim 1 Wherein the combining step 
further comprises combining anhydride to diamine at a 
molar ratio of from about 1.98:1 to about 2.04:1. 

5. The method of claim 1 Wherein the combining step 
further comprises combining anhydride to diamine at a 
molar ratio of about 2:1. 

6. The method of claim 1 Wherein the combining step 
further comprises combining an organic liquid selected from 
the group consisting of o-dichlorobenZene and anisole. 

7. The method of claim 1 Wherein the combining step 
further comprises combining 3-chlorophthalic anhydride 
With the 1,3-diamine and the organic liquid. 

8. The method of claim 1 further Wherein the combining 
step further comprises combining an imidiZation catalyst 
With the at least one halophthalic anhydride, the 1,3 
diamine, and the organic liquid. 

9. The method of claim 8 Wherein the combining step 
further comprises combining an imidiZation catalyst 
selected from the group consisting of sodium phenyl 
phosphinate, acetic acid, benZoic acid, and phthalic acid. 

10. The method of claim 1 Wherein the combining step 
further comprises combining a phthalic anhydride to pro 
duce a halophthalimide capable of acting as an end-capping 
monomer. 
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11. A method for preparing a bis[N-(3 
chlorophthalimide)] derivative of a diamine made by con 
tacting at a temperature of at least 110° C. a 3-chlorophthalic 
anhydride With a 1,3-diamine having at least one substituent 
ortho to one of its amine functionalities in the presence of an 5 
organic liquid having a polarity no higher than that of 
o-dichlorobenZene, dichlorotoluene, 1,2,4-trichlorobenZene, 
diphenyl sulfone, anisole and veratrole. 

12. The method of claim 11 Wherein the combining step 
further comprises combining the 3-chlorophthalic anhydride 
With another phthalic anhydride selected from the group 
consisting of 4-chlorophthalic anhydride, dichlorophthalic 
anhydride, phthalic anhydride, and miXtures thereof. 

13. The method of claim 11 Wherein the combining step 
further comprises combining a 1,3 diamine of the formula 

HZN NH2 

GB 

Where n is 1 to 4, G is selected from the group consisting of 
—R, —OR, —SR, —Ar, —OAr, —SAr, and —CN, and R 
is selected from the group consisting of C1 to C30 aliphatic 
hydrocarbons, C1 to C30 unsaturated cycloaliphatic 
hydrocarbons, and aralkyl hydrocarbons. 

14. The method of claim 11 Wherein the combining step 
further comprises combining the anhydride to the diamine at 
a molar ratio of from about 1.98:1 to about 2.04:1. 

15. The method of claim 11 Wherein the combining step 
further comprises combining the anhydride to the diamine at 
a molar ratio of about 2:1. 

16. The method of claim 11 Wherein the combining step 
further comprises combining an organic liquid selected from 
the group consisting of o-dichlorobenZene and anisole. 

17. The method of claim 11 Wherein the bis[N-(3 
chlorophthalimide)] derivative is selected from the group 
consisting of 2,4-bis[N-(3-chlorophthalimido)]toluene, 2,6 
bis[N-(3-chlorophthalimido)]toluene, 2,4-bis[N-(3 
chlorophthalimido)]-3,5-diethyltoluene, and 2,6-bis[N-(3 
chlorophthalimido)]-3,S-diethyl toluene. 

18. A method for preparing an aromatic polyether poly 
mer Which comprises combining the bis[N-(3 
chlorophthalimide)] derivative of a diamine produced in 
accordance With the method of claim 11 With at least one 
alkali metal salt of a dihydroXy-substituted aromatic com 
pound in the presence of a phase transfer catalyst, and 
obtaining a polyether polymer Wherein the resulting poly 
ether polymer has reduced levels of cyclic oligomer 
by-products. 

19. The method of claim 18 Wherein the combining step 
further comprises combining a phase transfer catalyst 
selected from the group consisting of heXaalkylguanidinium 
alkane salts and ot,u)-bis(pentaalkylguanidinium)alkane 
salts. 

20. The method of claim 18 Wherein the combining step 
further comprises combining bisphenol Adisodium salt With 
the bis[N-(3-chlorophthalimide)] derivative of a diamine. 

12 
21. The method of claim 18 Wherein the bis[N-(3 

chlorophthalimide)] derivative is selected from the group 
consisting of 2,4-bis[N-(3-chlorophthalimido)]toluene, 2,6 
bis[N-(3-chlorophthalimido)]toluene, 2,4-bis[N-(3 
chlorophthalimido)]-3,5-diethyltoluene, and 2,6-bis[N-(3 
chlorophthalimido)]-3,5-diethyl toluene. 

22. The method of claim 18 Wherein the combining step 
further comprises combining heXaalkylguanidinium chlo 
ride as the phase transfer catalyst. 

23. A method for preparing a polyetherimide Which com 
prises combining 

a bisphenol A disodium salt; 

15 a bis[N-(3-chlorophthalimide)] derivative of a diamine; 

a diluent selected from the group consisting of 
o-dichlorobenZene and anisole; 

a catalytically active amount of a phase transfer catalyst; 
20 and 

obtaining a polyetherimide, 

Wherein said bis[N-(3-chlorophthalimide)] derivative com 
prises the reaction product of a miXture comprising a 

25 3-chlorophthalic anhydride; a 1,3 diamine of the formula 

30 

Where n is 1 to 4, G is selected from the group consisting of 
—R, —OR, —SR, —Ar, —OAr, —SAr, and —CN, and R 
is selected from the group consisting of C1 to C30 aliphatic 
hydrocarbons, C1 to C30 unsaturated cycloaliphatic 
hydrocarbons, and aralkyl hydrocarbons. 

24. The method of claim 23 Wherein the bis[N-(3 
chlorophthalimide)] derivative is selected from the group 
consisting of 2,4-bis[N-(3-chlorophthalimido)]toluene, 2,6 
bis[N-(3-chlorophthalimido)]toluene, 2,4-bis[N-(3 
chlorophthalimido)]-3,5-diethyltoluene, and 2,6-bis[N-(3 
chlorophthalimido)]-3,5-diethyl toluene. 

25. The method of claim 23 Wherein the combining step 
further comprises combining the phase transfer catalyst 
selected from the group consisting of heXaalkylguanidinium 
alkane salts and ot,u)-bis(pentaalkylguanidinium)alkane 
salts. 

35 

40 

26. The method of claim 23 Wherein the combining step 
further comprises combining heXaalkylguanidinium chlo 
ride as the phase transfer catalyst. 

55 


